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1. [bookmark: _Toc193035987]Introduction 
The continuous evolution of internal combustion engines (ICEs) is driven by the demand for improved performance, enhanced fuel efficiency, and stringent environmental regulations. As automotive and motorsport industries strive to push the boundaries of powertrain design, engineers must analyse and optimize engine components to withstand high mechanical stresses, reduce weight, and improve durability. In the case of motorsport, the need to increase engine revolutions per minute (RPM) is highly prevalent in motorsport and high-performance automotive applications. An engine that can perform at a higher RPM is highly sort after in the motorsport industry. A higher RPM range usually indicates increased power output. With that being said, a higher RPM range will also amplify the mechanical loads acting on internal components, accelerating wear and increasing the likelihood of failure due to fatigue. This assignment will thoroughly investigate the forces exerted on the component of the Ford 1.6 Sigma components, mainly the connecting rod (conrod), gudgeon pin, and connecting rod bolts, to ensure they meet safety and durability requirements and the potential design optimizations to improve them. Furthermore, an extended RPM range analysis up to 9000 RPM will be conducted to assess the impact of increased operating speeds on component longevity and performance. Based on these findings, the geometry of the connecting rod bolts will be redesigned to maintain a safety factor comparable to the original RPM range or better.



2. [bookmark: _Toc193035988] Increasing Engine RPM 
For this assignment, it will be investigated how increasing the Ford Sigma’s RPM from 6000 to 9000 affects the engine components. Firstly, we will discuss the benefits of increasing and engines RPM limit. The need for greater engine power, efficiency, and power density has mandated higher engine speeds (RPM) in the new internal combustion engines. Increasing an engine's RPM limit provides several performance benefits, primarily by extending the powerband and allowing the engine to produce more horsepower (carthrottle, 2016). A higher rev limit enables the vehicle to stay in lower gears longer, maximizing acceleration and reducing the need for frequent gear shifts. It also allows the engine to operate within its peak power range for a longer duration, improving overall speed and responsiveness. This increased speed, however, introduces more mechanical stresses and fatigue loads on the important components such as connecting rods, crankshaft, and bolts (bajajallianz, 2025). 
The figures below display the force acting on the components of the engine. The force in question are Piston Acceleration, Inertia Force, Gas Force and Net Force. 















Piston Acceleration
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                                                     Figure 1: Piston Acceleration Graph from 1000 to 9000 RPM











Inertia Force
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                                                               Figure 2: Inertia Force Graph from 1000 to 9000 RPM









Gas Force
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                                                                   Figure 3: Gas Force Graph from 1000 to 9000 RPM


Net Force 
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                                                                   Figure 4: Net Force Graph from 1000 to 9000 RPM


3. [bookmark: _Toc193035989]Fatigue 
Fatigue of a material is defined as a progressive structural damage when the material is subjected to cyclic or fluctuating loads. When the experienced stress range falls below the material strength, structural damage and failure will occur. Fatigue is the most common source behind failures of mechanical structures. The best way to comprehend fatigue is to understand the Fatigue Cycle. The fatigue cycle is when a material is experiencing a repeated amounts of loading and unloading in a continuous cycle. Each cycle introduces microscopic damage, accumulating over time and ultimately leading to the formation of cracks (comsol, 2016). 

3.1. [bookmark: _Toc193035990]Causes of Fatigue 
The primary cause of fatigue can be narrowed down to 4 main factors, those being Cyclic Loading, Material Selection, Environmental Factor and Design Flaws. For this assignment the main factor that will be studied is cyclic loading and material defect. Cyclic loading is the most prevalent cause of fatigue. Cyclic loading is the repeated application of stress over time, which can lead to material fatigue failure even when the stress is significantly lower than the ultimate tensile strength (UTS) of the material. Cyclic loading is intensified when the magnitude and frequency is increased. This is one of the segments that will be investigated in this assignment. The RPM of the ford sigma engine which currently tops out at 6000 RPM will be increased to 9000 RPM and an investigating will be carried out. The other factor that will be investigated in this assignment is the Material Selection. In this segment, different material with different UTS will be used on different component to investigate how they compare to each other when subject to a load of 9000 RPM (sdcverifier, 2025). 

3.2. [bookmark: _Toc193035991]Fatigue Safety Factors
The fatigue safety factor is a measure used in engineering design to ensure that a component can withstand cyclic loading without experiencing fatigue failure during its intended service life. It accounts for uncertainties in loading conditions, material properties, environmental effects, and manufacturing defects. The maximum Factor of Safety is 15. For Fatigue Safety Factor, values less than one indicate failure before the design life is reached. (Zhang, 2023).

3.3. [bookmark: _Toc193035992]Preventing Fatigue Failures
Preventing fatigue failures is a multifaceted challenge. There are several methods that can be implemented, such as Material Selection, Stress Reduction and Surface Finishing. For this assignment, material selection will be one of the methods studied. Selecting the appropriate material is crucial. High fatigue strength materials, such certain alloys or composites, can sustain more stress cycles before breaking (sdcverifier, 2025). 


4. [bookmark: _Toc193035993]Components and Materials 
4.1. [bookmark: _Toc193035994]Connecting Rod
The connecting rod connects the piston to the crankshaft and consists of the small end and big end bores as well as the shank. As the crucial link transferring forces and motion between the piston and crankshaft, the connecting rod is subjected to significant alternating loads. It endures compressive forces from the piston due to the dominant gas pressure and tensile forces, primarily caused by inertia effects. It must also possess sufficient structural strength to withstand the vigorous conditions of engine operation (MAHLE, 2016). 
For this investigative process, the manipulated variable will be the stock connecting rod material which is Powder Metal Steel. The other comparison materials that will be used is Ti-6Al-4V Titanium. Ti-6Al-4V Titanium is an excellent choice for a high-performance connecting rod, particularly for engines operating at 9000 RPM due to its exceptional combination of high strength, low weight, and fatigue resistance. The next comparison material that will be investigated is 4340 Forged Steel. For a 9000 RPM Ford Sigma 1.6 engine, 4340 Forged Steel is a practical and highly durable choice that balances high strength, fatigue resistance, and affordability, making it one of the best materials for a long-lasting and high-performance connecting rod. 

4.2. [bookmark: _Toc193035995]Gudgeon Pin
The piston pin is the link between the piston and the connecting rod. Owing to the oscillating motion of the piston and the overlay of gas and inertial forces, it is subjected to high loads in alternating directions. The pin withstands shear and bending stresses, compressive and impact loads, especially during the combustion stroke when the piston is subjected to high gas pressure (MAHLE, 2016).
The stock gudgeon pin material used in the Ford Sigma engine is case-hardened steel. For this investigation, the two materials that will be used for comparison are the AISI 9310 Tool Steel and Ti-10V-2Fe-3Al Titanium. The AISI 9310 Tool Steel has a high ultimate tensile strength of 930 MPa and endurance limit of 550 MPa, which is greater than most standard steels. This ensures that the pin will not fail or deform when it is subjected to the high compressive and bending stresses that it is experiencing at 9000 RPM. The Ti-6Al-4V possesses a maximum tensile strength of 1000 MPa and an endurance limit of 510 MPa, sufficient to withstand excessive loads and pressures inside the combustion chamber. 
4.3. [bookmark: _Toc193035996]Connecting Rod Bolt
The connecting rod bolt is a significant fastener that secures the big end of the connecting rod to the crankshaft. It is a vital component in maintaining the strength of the rod-to-crankshaft assembly, ensuring the smooth and reliable operation of the engine. The connecting bolt rod is also experiencing harsh cyclic loads, maximum tensile loading as it bends when deformed during extension through the reciprocation of crankshaft-piston and shear on rotation of crankshaft (MAHLE, 2016).
The material for the connecting rod bolt in the Ford Sigma engine is high-strength alloy steel. The material used currently might not be able to withstand an engine output of 9000 RPM. Thus, ARP 2000 Alloy Steel and Custom Age 625+ will be used as comparison materials. One of the most noticeable attributes of ARP 2000 steel is the extremely high ultimate tensile strength (UTS) 1517 MPa that is much improved over standard high-strength alloy steel. This ensures that rod bolts will be capable of withstanding the massive inertial loads generated by the reciprocating action of the piston and connecting rod assembly. Custom Age 625+ has an extremely high ultimate tensile strength (UTS) 1795 MPa which is far better compared to regular steel alloys like 8740 or ARP 2000. This extreme strength allows the rod bolts to withstand the excessive loads experienced during high-RPM application.











4.4. [bookmark: _Toc193035997]Material Selection 
	Components 
	Material
	Ultimate Tensile Strength (MPa)
	Endurance Limit (MPa)

	Connecting Rod
	Ti-6Al-4V Titanium
	1000
	510

	Connecting Rod
	4340 Forged Steel
	1275
	690

	Gudgeon Pin
	AISI 9310 Tool Steel
	930
	550

	Gudgeon Pin
	Ti-10V-2Fe-3Al Titanium
	1300
	700

	Connecting Rod Bolt
	ARP 2000 Alloy Steel
	1517
	760

	Connecting Rod Bolt
	Custom Age 625+
	1796
	800







5. [bookmark: _Toc193035998]Analysis 
[bookmark: _Toc193035999]Material Changes 
[bookmark: _Toc193036000]Connecting Rod Goodman Diagram 
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                                              Figure 5: Goodman Diagram (Powder Metal Steel Connecting Rod)
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                                                             Figure 6: Goodman Diagram (Titanium Connecting Rod)
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                                                             Figure 7: Goodman Diagram (Forged Steel Connecting Rod)

From figure 3, 4 and 5, The Powder Metal Steel Connecting Rod shows that the actual operating stress range remains within the allowable stress limits, indicating that the stock material operates safely under normal conditions. It has a relatively lower endurance limit compared to alternative materials. The titanium rod Goodman diagram displays improved mechanical properties over the stock rod. The endurance limits are higher, indicating better fatigue resistance, and the UTS is significantly greater, meaning the material can handle higher tensile stresses before failure. The forged steel rod Goodman diagram presents the highest endurance limit and UTS among all three materials. The upper and lower endurance limits are significantly higher than those of both the stock and titanium rods, meaning forged steel has the greatest fatigue resistance. The actual stress range remains well within the safe operating limits, giving it the highest margin of safety. After comparing the Goodman diagrams for all three materials, forged steel emerges as the best material for the connecting rod.



[bookmark: _Toc193036001]Gudgeon Pin Goodman Diagram 
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                                                      Figure 8: Goodman Diagram (Case-Hardened Steel Gudgeon Pin)
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                                                                 Figure 9: Goodman Diagram (Tool Steel Gudgeon Pin)
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                                                               Figure 10: Goodman Diagram (Titanium Gudgeon Pin)

From figure 6,7 and 8, the Case-Hardened Steel gudgeon pin has an adequate but not impressive ultimate tensile strength (UTS). It will perform adequately under normal conditions, but its limited endurance margin suggests that it may be more susceptible to fatigue failure under prolonged or extreme stress conditions. Tool steel has higher endurance limits, allowing it to withstand greater cyclic stresses before experiencing fatigue failure. The UTS is also considerably higher, meaning that it can sustain greater loads before reaching its breaking point. The titanium pin can sustain the highest alternating and mean stresses before failure, making it the most robust and durable choice for extreme conditions. The actual stress range remains well within the allowable limits, demonstrating a superior safety margin compared to both the stock and titanium pins. After comparing the Goodman diagrams for all three materials, titanium emerges as the best choice for the gudgeon pin. 
[bookmark: _Toc193036002]Bolt Goodman Diagram
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                                                                          Figure 11: Goodman Diagram (High-Strength Steel Bolt)
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                                                                       Figure 12: Goodman Diagram (Alloy Steel Bolt)
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                                                                   Figure 13: Goodman Diagram (Custom Age Alloy Bolt)

Looking at figures 9,10 and 11, the analysis shows the UTS of the High-Strength Steel bolt is reasonable but not particularly high, which means it may be prone to failure under extreme loading conditions. Additionally, the stress range is positioned close to the endurance limit, implying that the stock bolt may experience fatigue failure over time if subjected to high cyclic stresses or prolonged use. The alloy steel bolt’s endurance limits are higher, meaning alloy steel can withstand greater cyclic stresses before fatigue failure occurs. The UTS is also substantially greater, allowing it to handle higher loads without breaking. The Custom Age alloy bolt Goodman diagram presents the highest endurance limits and UTS among the three materials. The upper and lower endurance limits are significantly higher than those of the stock and alloy steel bolts, meaning the Custom Age alloy exhibits the best fatigue resistance. This allows it to endure extreme cyclic stresses without failure, making it the most durable and reliable option for connecting rod bolts. 




[bookmark: _Toc193036003]Geometric Changes 
[bookmark: _Toc193036004]Bolt Length 

                                                        Figure 14: Bolt Length (m) vs Fatigue Safety Factor at different RPM

From figure 14, the length of the bolt significantly effects the bolt fatigue safety factor (FSF). From the graph above, it is proven that when length of the bolt is increased the FSF decreases. The starting length of bolt was 0.02726 m. A reduction of 50% has been done to the initial length, shorter bolts lead to stiffness increase which improves fatigue life but may introduce excessive stress concentrations. A further 150% increment of the original length shows increasing bolt length decreases stiffness, which affect fatigue life negatively. 


[bookmark: _Toc193036005]Bolt Cross Sectional Area 

                                               Figure 15: Bolt Cross-Sectional Area (m²) vs Fatigue Safety Factor at different RPM

Referring to figure 15, the graph shows when the Bolt Cross-Sectional Area (CSA) is increased, the FSF also increases. This occurs because stress is inversely proportional to CSA, increasing the bolt diameter which increases CSA reduces the stress in the bolt which in turn increases the fatigue safety factor. To validate this graph, the starting point of bolt CSA which is 0.00004243 m^2 is then increased by 50% as it is a realistic upper limit to see if increasing CSA continues improving FSF or if the improvement levels off. 
Equations used:

σ = Stress (MPa) 
F   = Force applied on the bolt (N) 
A = Cross-sectional area (m²) 

[bookmark: _Toc193036006]
Bolt Stiffness 

                                                 Figure 16: Bolt Stiffness (N/m) vs Fatigue Safety Factor at different RPM

From figure 16, it can be confirmed bolt stiffness increases FSF confirming that reducing bolt elongation minimizes stress fluctuations. It can also be seen at higher RPMs there is a greater FSF variations, indicating that stiffness improvements are more beneficial at higher engine speeds. To produce this graph, bolt stiffness of 327000000 N/m was increased by 50% to see if increasing stiffness continues improving FSF or if the improvement levels off. 
Equations to calculate Bolt Stiffness:




6. [bookmark: _Toc193036007]Flat-Plane vs Cross-Plane
A flat-plane crankshaft has a 180-degree crankpin arrangement, which generates an even firing order for better high-RPM efficiency and exhaust scavenging. It is designed to be lighter, allowing faster revving but with increased vibration and reduced low-end torque. It is common in high-performance V8s and inline engines and offers a sharp, high-pitched exhaust note but requires additional balancing. A cross-plane crankshaft, on the other hand, has a 90-degree crankpin layout, which inherently balances vibrations and provides smoother operation with better low-end torque. Its larger counterweights, however, contribute rotational inertia, limiting high-RPM performance. Employed in most V8s.  (carthrottle, 2024). 

[bookmark: _Toc193036008]Torque & Power Graphs 
[bookmark: _Toc193036009]Inertia Torque 
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                                                         Figure 17: Flat Plane Inertia Torque at 6000 RPM
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                                                       Figure 18: Cross Plane Inertia Torque at 6000 RPM


[image: A graph of a graph

AI-generated content may be incorrect.]
                                                    Figure 19: Inertia Torque Standard vs Cross Plane at 6000
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                                                             Figure 20: Flat Plane Inertia Torque at 9000 RPM
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                                                            Figure 21: Cross Plane Inertia Torque at 9000 RPM
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                                                Figure 22: Inertia Torque Standard vs Cross Plane at 9000






[bookmark: _Toc193036010]Inertia Torque Analysis 
After analysing figures 17 to 22, it can be concluded that at 6000 RPM and especially at 9000 RPM, the cross-plane configuration shows a clear advantage in reducing torque fluctuations, which can translate to better drivability and lower mechanical stress. However, flat-plane engines might still be preferred in high-performance applications due to their lightweight design and firing order characteristics that favour higher-revving behavior.




















[bookmark: _Toc193036011]Gas Torque 
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                                                              Figure 23: Flat Plane Gas Torque at 6000 RPM
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                                                              Figure 24: Cross Plane Gas Torque at 6000 RPM
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                                                                Figure 25: Flat Plane Gas Torque at 9000 RPM
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                                                             Figure 26: Cross Plane Gas Torque at 9000 RPM
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                                                       Figure 27: Gas Torque Flat vs Cross Plane at 6000 RPM
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                                                    Figure 28: Gas Torque Flat vs Cross Plane at 9000 RPM




[bookmark: _Toc193036013]Gas Torque Analysis 
From figure 23 to 28, at both 6000 RPM and 9000 RPM, the cross-plane configuration offers better torque smoothness, while the flat-plane design provides more aggressive and instantaneous torque delivery.
















[bookmark: _Toc193036014]Crank Torque 
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                                                                 Figure 29: Flat Plane Crank Torque at 6000 RPM
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                                                             Figure 30: Cross Plane Crank Torque at 6000 RPM
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                                                                Figure 31: Flat Plane Crank Torque at 9000 RPM
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                                                              Figure 32: Cross Plane Crank Torque at 9000 RPM
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                                                                 Figure 33: Crank Torque Flat vs Cross Plane 6000
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                                                             Figure 34: Crank Torque Flat vs Cross Plane 9000





[bookmark: _Toc193036015]Crank Torque Analysis
From figures 29 to 34, at both 6000 RPM and 9000 RPM, the cross-plane configuration clearly demonstrates better torque stability, whereas the flat-plane design generates higher torque fluctuations that can increase engine stress. 




















[bookmark: _Toc193036016]Power 
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                                                                  Figure 35: Power and Torque Graph

From figure 35, it can be seen that maximum torque is available early in the RPM range, but power continues to rise steadily to the redline. The declining torque at high RPMs is counteracted by increasing engine speed, allowing the engine to maximize power output at high revolutions.



7. [bookmark: _Toc193036017]Conclusion 
In conclusion, there are several benefits of increasing an engines RPM. The most notable ones are, extending the powerband and allowing the engine to produce more horsepower and reduced NOx emissions. However, a major drawback is the increased cyclic stress and loading on materials, which can lead to premature failure of critical components. From this assignment, it is proven that several methods can be taken to improve a components FSF. The first method being material change. This assignment demonstrates that several methods can be employed to improve a component’s Factor of Safety (FSF). The first method involves selecting a material with a higher Ultimate Tensile Strength (UTS) and endurance limit, which significantly enhances FSF, as shown in the Goodman diagrams. The second method is implementing geometric modifications to components. For instance, in the case of the connecting rod bolt, increasing its cross-sectional area (CSA) or reducing its length improves stiffness, thereby increasing its FSF. In summary, multiple precautionary measures can be taken to ensure an engine operates at peak performance while minimizing the risk of component failure. 
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Fatigue Safety Factor




Bolt Cross-Sectional Area (m²) vs Fatigue Safety Factor at different RPM  

1000	4.2429999999999999E-5	4.3546578947368419E-5	4.4663157894736839E-5	4.5779736842105272E-5	4.6896315789473692E-5	4.8012894736842112E-5	4.9129473684210532E-5	5.0246052631578952E-5	5.1362631578947372E-5	5.2479210526315792E-5	5.3595789473684212E-5	5.4712368421052632E-5	5.5828947368421052E-5	5.6945526315789478E-5	5.8062105263157898E-5	5.9178684210526318E-5	6.0295263157894738E-5	6.1411842105263165E-5	6.2528421052631585E-5	6.3645000000000005E-5	2.121538573428608E-6	2.1773685358872552E-6	2.2331984983459019E-6	2.2890284608045499E-6	2.344858423263198E-6	2.4006883857218451E-6	2.4565183481804932E-6	2.5123483106391412E-6	2.5681782730977879E-6	2.624008235556436E-6	2.6798381980150831E-6	2.7356681604737312E-6	2.7914981229323779E-6	2.8473280853910259E-6	2.903158047849674E-6	2.958988010308322E-6	3.0148179727669692E-6	3.0706479352256159E-6	3.1264778976842639E-6	3.182307860142912E-6	2000	1.60881464833786E-6	1.651151875925699E-6	1.6934891035135369E-6	1.735826331101376E-6	1.7781635586892139E-6	1.8205007862770529E-6	1.8628380138648911E-6	1.9051752414527301E-6	1.947512469040568E-6	1.989849696628406E-6	2.0321869242162452E-6	2.0745241518040831E-6	2.1168613793919219E-6	2.1591986069797599E-6	2.2015358345675991E-6	2.243873062155437E-6	2.2862102897432758E-6	2.3285475173311142E-6	2.370884744918953E-6	2.4132219725067909E-6	3000	1.487102201037432E-6	1.526236469485785E-6	1.5653707379341379E-6	1.6045050063824919E-6	1.6436392748308459E-6	1.6827735432791991E-6	1.721907811727552E-6	1.761042080175906E-6	1.8001763486242589E-6	1.8393106170726129E-6	1.8784448855209661E-6	1.9175791539693201E-6	1.9567134224176728E-6	1.9958476908660268E-6	2.03498195931438E-6	2.074116227762734E-6	2.1132504962110871E-6	2.1523847646594411E-6	2.1915190331077938E-6	2.230653301556147E-6	4000	1.448737183002411E-6	1.4868618457130011E-6	1.5249865084235899E-6	1.5631111711341801E-6	1.60123583384477E-6	1.6393604965553601E-6	1.677485159265949E-6	1.7156098219765391E-6	1.753734484687129E-6	1.7918591473977189E-6	1.829983810108309E-6	1.8681084728188981E-6	1.906233135529488E-6	1.9443577982400779E-6	1.9824824609506678E-6	2.0206071236612582E-6	2.0587317863718468E-6	2.0968564490824371E-6	2.1349811117930271E-6	2.173105774503617E-6	5000	1.516643992305159E-6	1.55655567631319E-6	1.5964673603212199E-6	1.6363790443292509E-6	1.6762907283372811E-6	1.7162024123453121E-6	1.756114096353342E-6	1.796025780361373E-6	1.835937464369403E-6	1.8758491483774339E-6	1.9157608323854649E-6	1.9556725163934951E-6	1.9955842004015261E-6	2.0354958844095558E-6	2.075407568417586E-6	2.115319252425617E-6	2.155230936433648E-6	2.1951426204416781E-6	2.2350543044497091E-6	2.2749659884577388E-6	6000	1.5930293942303749E-6	1.6349512203943321E-6	1.67687304655829E-6	1.718794872722247E-6	1.7607166988862039E-6	1.8026385250501619E-6	1.8445603512141191E-6	1.886482177378076E-6	1.928404003542034E-6	1.9703258297059909E-6	2.0122476558699479E-6	2.0541694820339048E-6	2.096091308197863E-6	2.13801313436182E-6	2.1799349605257769E-6	2.2218567866897351E-6	2.2637786128536921E-6	2.305700439017649E-6	2.3476222651816059E-6	2.3895440913455641E-6	7000	1.677432726105218E-6	1.7215756925816709E-6	1.7657186590581239E-6	1.809861625534578E-6	1.854004592011031E-6	1.898147558487484E-6	1.942290524963937E-6	1.98643349144039E-6	2.030576457916843E-6	2.074719424393296E-6	2.118862390869749E-6	2.1630053573462028E-6	2.207148323822655E-6	2.2512912902991088E-6	2.2954342567755618E-6	2.3395772232520148E-6	2.3837201897284691E-6	2.4278631562049208E-6	2.4720061226813738E-6	2.5161490891578281E-6	8000	1.7712803100837959E-6	1.817892949822842E-6	1.8645055895618901E-6	1.911118229300937E-6	1.9577308690399842E-6	2.0043435087790322E-6	2.0509561485180789E-6	2.0975687882571261E-6	2.1441814279961741E-6	2.1907940677352208E-6	2.237406707474268E-6	2.2840193472133151E-6	2.3306319869523619E-6	2.3772446266914099E-6	2.423857266430457E-6	2.4704699061695051E-6	2.5170825459085518E-6	2.563695185647599E-6	2.6103078253866461E-6	2.6569204651256929E-6	9000	1.8695173828171941E-6	1.9187152086808041E-6	1.9679130345444138E-6	2.0171108604080248E-6	2.066308686271635E-6	2.115506512135246E-6	2.1647043379988561E-6	2.2139021638624672E-6	2.2630999897260769E-6	2.3122978155896871E-6	2.3614956414532981E-6	2.4106934673169078E-6	2.459891293180518E-6	2.509089119044129E-6	2.5582869449077392E-6	2.6074847707713502E-6	2.6566825966349599E-6	2.7058804224985709E-6	2.7550782483621811E-6	2.8042760742257908E-6	Bolt Cross-Sectional Area (m²)


Fatigue Safety Factor 




Bolt Stiffness (N/m) vs Fatigue Safety Factor at different RPM   

1000	327000000	335605263.15789467	344210526.31578952	352815789.47368419	361421052.63157892	370026315.78947371	378631578.94736838	387236842.10526317	395842105.2631579	404447368.42105258	413052631.57894742	421657894.7368421	430263157.89473683	438868421.05263162	447473684.21052629	456078947.36842108	464684210.52631581	473289473.68421048	481894736.84210533	490500000	2.121538573428607	2.177368535887255	2.233198498345903	2.2890284608045501	2.3448584232631968	2.4006883857218448	2.456518348180492	2.51234831063914	2.568178273097788	2.624008235556436	2.6798381980150832	2.7356681604737312	2.7914981229323779	2.847328085391025	2.903158047849673	2.958988010308321	3.0148179727669682	3.0706479352256162	3.1264778976842629	3.1823078601429109	2000	1.60881464833786	1.6511518759256989	1.6934891035135371	1.735826331101376	1.7781635586892139	1.820500786277053	1.862838013864891	1.9051752414527301	1.9475124690405681	1.9898496966284061	2.0321869242162451	2.0745241518040829	2.116861379391922	2.1591986069797602	2.2015358345675979	2.243873062155437	2.2862102897432748	2.3285475173311139	2.3708847449189521	2.4132219725067912	3000	1.487102201037432	1.5262364694857851	1.5653707379341391	1.6045050063824919	1.643639274830845	1.682773543279199	1.7219078117275519	1.7610420801759059	1.800176348624259	1.839310617072613	1.8784448855209659	1.9175791539693201	1.956713422417673	1.995847690866027	2.0349819593143801	2.0741162277627341	2.1132504962110872	2.1523847646594412	2.1915190331077938	2.2306533015561469	4000	1.4487371830024109	1.486861845713001	1.5249865084235901	1.5631111711341801	1.6012358338447701	1.6393604965553601	1.677485159265949	1.715609821976539	1.753734484687129	1.791859147397719	1.8299838101083079	1.8681084728188979	1.9062331355294879	1.9443577982400779	1.982482460950667	2.0206071236612582	2.0587317863718471	2.0968564490824368	2.1349811117930271	2.173105774503616	5000	1.5166439923051589	1.55655567631319	1.5964673603212201	1.636379044329251	1.676290728337281	1.7162024123453119	1.7561140963533419	1.7960257803613731	1.8359374643694031	1.875849148377434	1.915760832385464	1.9556725163934949	1.995584200401525	2.0354958844095559	2.0754075684175861	2.1153192524256168	2.155230936433647	2.1951426204416782	2.235054304449708	2.2749659884577391	6000	1.593029394230375	1.634951220394333	1.6768730465582899	1.7187948727222471	1.760716698886204	1.802638525050162	1.8445603512141191	1.886482177378076	1.928404003542034	1.9703258297059909	2.012247655869948	2.0541694820339051	2.0960913081978618	2.1380131343618198	2.179934960525777	2.221856786689735	2.2637786128536921	2.3057004390176492	2.3476222651816059	2.389544091345563	7000	1.677432726105218	1.721575692581671	1.765718659058124	1.8098616255345781	1.85400459201103	1.8981475584874841	1.9422905249639371	1.9864334914403901	2.030576457916843	2.074719424393296	2.118862390869749	2.163005357346202	2.207148323822655	2.251291290299108	2.295434256775561	2.3395772232520149	2.3837201897284679	2.4278631562049209	2.4720061226813739	2.5161490891578269	8000	1.7712803100837951	1.8178929498228431	1.8645055895618901	1.911118229300937	1.9577308690399839	2.0043435087790318	2.0509561485180789	2.097568788257127	2.1441814279961728	2.1907940677352209	2.2374067074742681	2.2840193472133148	2.330631986952362	2.37724462669141	2.4238572664304572	2.4704699061695039	2.517082545908552	2.5636951856475991	2.6103078253866459	2.656920465125693	9000	1.869517382817194	1.918715208680805	1.9679130345444149	2.017110860408025	2.0663086862716349	2.1155065121352461	2.164704337998856	2.2139021638624672	2.2630999897260771	2.3122978155896869	2.3614956414532982	2.410693467316908	2.4598912931805179	2.5090891190441291	2.558286944907739	2.6074847707713502	2.6566825966349601	2.70588042249857	2.7550782483621812	2.8042760742257911	Bolt Stiffness (N/m)


Fatigue Safety Factor 
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